When we practice a movement over and over again, we perform better, partly because we develop new motor memories, or representations, in our brains. We will not perform better if we cannot store motor representations in our brains. People who play sports or people who dance, for example, have to develop motor representations by repeating the same movements over and over, so they can perform them in di erent situations. The creation of better and better motor representations as we practice a movement is called motor adaptation. Motor representations are formed and stored in the brain, just like our memories of people and events. Motor representations for familiar movements, like brushing teeth, are located in a part of the brain called the left parietal lobe. We wanted to find out if motor representations for other movements are located in the left, but not the right, parietal lobe. So, we compared the motor adaptation of pointing responses in patients with left or right parietal lobe damage. We found that motor adaptation was impaired after kids.frontiersin.org May | Volume | Article |
When we practice a movement over and over again, we perform better, partly because we develop new motor memories, or representations, in our brains. We will not perform better if we cannot store motor representations in our brains. People who play sports or people who dance, for example, have to develop motor representations by repeating the same movements over and over, so they can perform them in di erent situations. The creation of better and better motor representations as we practice a movement is called motor adaptation. Motor representations are formed and stored in the brain, just like our memories of people and events. Motor representations for familiar movements, like brushing teeth, are located in a part of the brain called the left parietal lobe. We wanted to find out if motor representations for other movements are located in the left, but not the right, parietal lobe. So, we compared the motor adaptation of pointing responses in patients with left or right parietal lobe damage. We found that motor adaptation was impaired after left, but not right, parietal lobe damage, suggesting that these motor representations are also located in the left parietal lobe.
MOTOR REPRESENTATIONS ARE IMPORTANT FOR SPORTS
How do you learn a new sport? What would your parents or coach say?
MOTOR REPRESENTATION
A memory of a movement that we use to make movements in the future. These representations or memories are created by groups of brain cells that interact to help you perform a movement you have learned. This memory is flexible and can be replayed to make movements in di erent situations, such as swinging a baseball bat in practice or in a game.
Practice, practice, practice! And as you practice, scientists think that you develop something called motor representations in your brain, which are like motor (movement) memories. Motor representations are created by groups of brain cells that interact to help you perform a movement you have learned. These representations allow you to perform better. They allow you to make the basket, slam the tennis ball, or play a violin concerto. Based upon what is happening on the soccer field, the star player can select the best response based upon her experience and the motor representations that have been developed and stored in her brain through practice. Check out this video for concrete examples of the increased speed and agility that comes with practice in cup stacking, a new Junior Olympics event https://www. youtube.com/watch?v= DNYqurkxo.
WHERE ARE MOTOR MEMORIES/REPRESENTATIONS LOCATED IN THE BRAIN?
We know these motor representations are stored in the brain. But
MOTOR
Movements that we make with our body or body parts.
where in the brain?
One of the best ways to answer that question is to study patients with brain damage. Previous studies have shown that the motor
PARIETAL LOBE
Each side (hemisphere) of our brain has four lobes: Frontal, Temporal, Parietal, and Occipital (see Figure ) , each with di erent functions. Our parietal lobes are important for processing sensations in our bodies, such as touch, movement, pain, and temperature and other functions not discussed in this paper. We also store our motor memories in our left parietal lobe.
representations for familiar movements, like brushing teeth, are located in an area of the brain called the left parietal lobe [ ]. As seen in Figure , the parietal lobes are located on the sides of our brains. They process sensations from our body, such as touch, movement, pain, and temperature. They are also important for creating and storing motor memories, as well as some other things that we do not discuss in this paper. Motor adaptation is the term we use for learning a new movement skill. Motor adaptation was found to be impaired in two patients with parietal lobe damage. One patient had damage to the parietal lobes on both sides of the brain [ ] and the other had damage to only the left parietal lobe [ ]. However, because a patient with damage to only the right parietal lobe was not examined, we do not know if the left parietal lobe is more important than the right parietal lobe. Also, you never know if a single patient represents what happens in all people. So, to determine whether motor memories are
MOTOR ADAPTATION
The changes in our motor memory and motor performance that occur when we practice a movement over and over again. created and stored in only one side of the brain or in both the left and the right parietal lobes, we studied motor adaptation in two groups of brain-damaged patients with right or left parietal lobe damage. We predicted that patients with left parietal lobe damage would have Figure   ( A) The machine that records arm movements while it presents the targets and visual feedback to people in the study. Participants sat facing a mirror that hides their arms. Movements were recorded using two sensors placed on the arm and hand of each participant. (B) A TV mounted above the mirror projected circles for a start position, a target, and a cursor. The cursor is a circle with an "x" in the middle, which gives visual feedback about hand position as the hand moves to the target. The scientist could make the cursor move in a di erent direction than the hand moved (Adaptation Condition) or in the same direction as the hand moved (After E ect Condition).
the most trouble with familiar movements, showing that many motor representations are stored only in the left parietal lobe.
HOW DID WE TEST MOTOR ADAPTATION?
To test motor adaptation, we asked everyone to sit in front of the machine shown in Figure . Imagine you are one of our participants. The goal is to learn to move the cursor from a start position to a target. You have to learn to do this because the cursor moves in a di erent direction than your hand. You have sensors on your arm that measure the direction your arm and hand move. Your arm is under the mirror so you cannot see it. All you see displayed on the mirror are circles for the start, the target, and the cursor. The cursor is a small circle with an "x" in the middle, which gives you visual feedback about your hand position as you move from start to target. First, in the baseline condition, we give you correct visual feedback, meaning that we show your arm the way it actually moves. Second, in the adaptation condition, we give you visual feedback of your arm that is wrong. So, even when your arm is moving up and down, the visual feedback (cursor) shows your arm moving to the left. You would adapt by gradually moving your arm to the right in order to make the visual feedback (cursor) go vertical. With practice you learn to adjust the direction of your movement to accurately hit the target, despite the bad feedback. visual feedback is again accurate. If your brain is healthy, you would have developed a new motor representation based on the incorrect feedback during the adaptation condition, and you would continue to move your arm to the right a few times in the aftere ects session. A common motor after e ect is "sea legs," which occurs when you spend time on a boat. When you get o the boat you wobble and sway, as though you were still on the moving boat. This happens because your brain is still compensating for the boat's sway. It is called an "after e ect" because it occurs when it is no longer useful. In the motor task in our experiment, the after e ect was that the participants aimed their hands in the wrong direction (to the right), as though the incorrect visual feedback were still present, even though it was not.
WHO DID WE TEST?
We tested two groups of brain-damaged stroke patients (five in each group) and two normal control groups, without brain damage (seven in each group). All participants were right handed and of a similar age. Because each side of the brain has a stronger influence on the opposite arm, we examined brain hemisphere or the arm opposite the hemisphere damaged for both stroke groups [right arm for the left parietal damaged group (LPD), left arm for right parietal damaged group (RPD)]. Also, because all participants were right handed, we compared each stroke group with a control group using the same arm [right arm for LPD and right normal control group (RNC); left arm for RPD and left normal control group (LNC)], to ensure that right hand preference did not influence our findings.
WHAT DID WE FIND? Figure A shows that all four groups were performing the same at the beginning of the adaptation condition. The two control groups, RNC and LNC, and the RPD group showed similar adaptation over the session. The RPD group's learning was normal. However, the LPD group did not show adaptation-they did not change the movement of their arms as much as the other three groups.
We saw the same pattern in the aftere ects data ( Figure B) after e ect, which supports the conclusion that the LPD group did not develop a new motor representation during adaptation. And again, the RPD group and the two normal control groups performed normally, showing that they developed new motor representations.
WHAT DOES THIS STUDY REALLY MEAN?
This is the first group study of brain-damaged patients showing that the left parietal lobe is more important than the right parietal lobe for learning to adapt to inaccurate visual feedback. Scientists think that this poor learning is due to a decreased ability to develop new motor representations or memories, which is supported by our after-e ect data. These findings are important first because this is a group study of motor adaptation in brain-damaged patients. Science cannot rely on single cases because single cases might not represent what happens in everyone. So, group studies are necessary to confirm what is seen in the study of individual cases. Second, we found that the left parietal lobe is critical for motor adaptation. We examined groups of patients with left or right parietal damage, while the case reports examined
HEMISPHERE DAMAGE (RIGHT OR LEFT)
Stroke blocks the blood flow to certain brain regions, which results in damage to those regions due to the lack of oxygen and nutrients. In this paper, we examine patients with damage to the parietal lobe. Therefore, we refer to this damage as RPD, or right parietal damage when it is in the right side of the brain, and LPD, or left parietal damage when it is in the left side of the brain.
single patients with left parietal damage or parietal damage on both sides [ , ] . Neither of those single-case reports examined a patient with right parietal damage only. Our work suggests that the left parietal lobe, but not the right, is the site of motor representations for motor adaptation. Other experiments have found that people with left, but not right parietal lobe damage have di culties with familiar movements, like brushing their teeth, and cutting their food with a knife. This makes sense, because all movements must adapt to di erent task conditions. For example, you can brush your teeth whether you are standing or lying on your back, even though these conditions require di erent forces and movements.
Of course, more research is necessary to find out which other areas of the brain are involved in motor adaptation and motor learning. Most complex skills are dependent on many di erent brain areas that may have di erent functions in a task. However, these areas must all talk to each other in order to produce accurate motor performance. 
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